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SPACECRAFT DISPERSION ANALYSIS FOR APOLLO 6 (A-2 OR AS-502/CSM-020) 

By John T .  Parker  . 
SUMMARY 

This  document p re sen t s  t h e  r e s u l t s  of devia t ions  and u n c e r t a i n t i e s  
f o r  the  Apollo 6 (A-2 or AS-502/CSM-020) f i n a l  spacecraft  d i spe r s ion  
a n a l y s i s .  These d ispers ions  w e r e  achieved by propagat ing each e r r o r  
source from l i f t - o f f  through t h e  complete mission t o  23  500-ft  a l t i t u d e .  

The combined root-sum-squared (RSS) 30 spacec ra f t  devia t ions  a t  
e n t r y  i n t e r f a c e  a r e  as fol lows:  

T i m e ,  s e c .  . . . . . . . . . . . . . . . . .  k125.0 

I n e r t i a l  v e l o c i t y ,  fps . . . . . . . . . . .  229.1 

I n e r t i a l  f l i gh t -pa th  angle  , deg. . . . . . .  fO .562 

I n e r t i a l  azimuth deg . . . . . . . . . . .  fO. 767 

Geodetic l a t i t u d e  . deg . . . . . . . . . . .  k0.324 

Longitude deg . . . . . . . . . . . . . . .  21.244 

A l t i t u d e ,  ft . . . . . . . . . . . . . . . .  kO.0 

The combined RSS 3a spacec ra f t  u n c e r t a i n t i e s  at en t ry  i n t e r f a c e  
are as fol lows : 

T i m e ,  sec.  . . . . . . . . . . . . . . . . .  0.0  

I n e r t i a l  v e l o c i t y  . fps  . . . . . . . . . . .  k9.072 

I n e r t i a l  f l i gh t -pa th  angle ,  deg. . . . . . .  t0 .182  

I n e r t i a l  azimuth, deg . . . . . . . . . . .  kO.140 

Geodetic l a t i t u d e  , deg . . . . . . . . . . .  k0.103 



Longitude, deg. . . . . . . . . . . . . . . . . . .  kO.334 
A l t i t u d e ,  ft. . . . . . . . . . . . . . . . . .  t6109.0 

The RSS 3a devia t ions  from t h e  nominal peak h e a t i n g  r a t e ,  t h e  t o t a l  
hea t  l o a d ,  and t h e  maximum l o a d  f a c t o r  are:  

F i r s t  m a x i m u m  hea t ing  r a t e ,  B tu / f t2 / sec .  . . . . .  2121.93 

Second maximum h e a t i n g  r a t e ,  Btu / f t2 / sec  . . - k12.12 

T o t a l  hea t  l o a d ,  Btu/ft2 . . . . . . . . . . . .  t3853.00 

F i r s t  maximum load  f a c t o r ,  g . . . . . . . . . .  k2.13 

Second maximum load  f a c t o r ,  go . . . . . . . . .  k1.96 

The RSS 3a u n c e r t a i n t i e s  i n  t h e  down-range and cross-range e r r o r s  
which descr ibe  t h e  command module ( C M )  d i spe r s ion  e l l i p s o i d  a t  23 500-ft  
a l t i t u d e  are : 

Down range,  n .  m i .  . . . . . . . . . . . . . . .  23.08 

Cross range ,  n .  m i .  . . . . . . . . . . . . . .  t51.74 

As the  f l i gh t -pa th  angle  approaches a 30 s t e e p  va lue ,  t h e  c a p a b i l i t y  
of t h e  CM t o  reach t h e  t a r g e t  becomes marginal  because of  t h e  long e n t r y  
range and r e l a t i v e l y  low l i f i - t o - d r a g  r a t i o  ( L / D ) .  For example, f o r  a 
nominal L/D and a 30 s t e e p  f l i gh t -pa th  ang le ,  t h e  spacec ra f t  w i l l  f a l l  
s h o r t  o f  t he  t a r g e t  by about 80 n. m i .  
t o  about 200 n .  m i .  as t h e  L/D approaches t h e  3a low va lue  f o r  t h e  
30 s t e e p  f l igh t -pa th  angle  case.  The fol lowing Y-gyro bias d r i f t  
devia t ions  r e f l e c t  t h i s  n o n l i n e a r i t y .  

This m i s s  d i s t a n c e  can inc rease  

. . . . . . . . . . . . . . .  80. Up range, n .  m i .  

Down range,  n .  m i .  . . . . . . . . . . . . . . .  1.87 

I n  conjunction wi th  examining t h e  mission f o r  t r a j e c t o r y  d i s p e r s i o n s ,  
an  ana lys i s  w a s  a l s o  made of t h e  s e r v i c e  propuls ion  system (SPS) per- 
formance. The r e s u l t s  of t h i s  ana lys i s  i n d i c a t e d  a 3a SPS p r o p e l l a n t  
d i spe r s ion  o f  400 l b  . 
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INTRODUCTION 

The purpose of  t h e  Apollo 6 f i n a l  d i spe r s ion  a n a l y s i s  i s  t o  v e r i f y  
t h e  f e a s i b i l i t y  of  t h e  ope ra t iona l  t r a j e c t o r y  ( r e f .  1) by examining 
dev ia t ions  and u n c e r t a i n t i e s  caused by t h e  major error sources .  The 
Guidance and Performance Branch o f t h e  Mission Planning and Analysis 
Div is ion  (MPAD) performed t h e  d ispers ion  a n a l y s i s  assuming two s ta te  
vec to r  updates f o r  t h e  po r t ion  of the  mission from l i f ' t - o f f  t o  e n t r y  
i n t e r f a c e  a t  400 000-f't a l t i t u d e .  The Lunar Mission Analysis Branch 
of MPAD c o r r e l a t e d  t h e  r e s u l t s  at en t ry  i n t e r f a c e  t o  23 500-ft a l t i t u d e  
using t h e  primary e n t r y  guidance scheme. 

Because o f  t h e  l a r g e  quan t i ty  of d a t a  presented  i n  t h i s  a n a l y s i s  
and t h e  varying uses of t h i s  type d a t a ,  no s p e c i a l  emphasis w a s  g iven 
t o  gene ra t ing  p a r t i a l  deyiva t ives  for s p e c i a l  t r a j e c t o r y  or veh ic l e  
parameters .  S p e c i a l  a s s i s t a n c e  may be obtained from t h e  Guidance and 
Performance Branch of  t h e  MPAD f o r  any f u r t h e r  reduct ion  of  t h e  d a t a  
of t h i s  ana lys i s  t o  s a t i s f y  ind iv idua l  needs.  

The e r r o r  sources  used i n  t h i s  ana lys i s  were chosen as a r e s u l t  of 
c a r e f u l  examination of a l l  poss ib l e  sources  and experience obta ined  i n  
performing var ious d i spe r s ion  analyses f o r  Apollo 4 and Apollo 6. The 
e r r o r  sources  considered i n  t h i s  repor t  cause near ly  100 percent  o f  t h e  
p o s s i b l e  d i spe r s ions .  

The fol lowing analyses  a r e  included i n  t h i s  document: 

( a )  An ana lys i s  of  t h e  pe r t inen t  e r r o r  sources and t h e  combined 
RSS o f  t h e  r e s u l t i n g  d ispers ions  ( inc luding  devia t ions  and u n c e r t a i n t i e s  ) 
based on t h e  nominal Apollo 6 t r a j e c t o r y .  
of p e r t i n e n t  t r a j e c t o r y  parameters and t h e  s tandard  devia t ions  of  t h e s e  
parameters a t  var ious  po in t s  i n  t h e  t r a j e c t o r y .  These t a b l e s  a l s o  inc lude  
t h e  combined RSS of t h e  d ispers ions  on each of  t h e  parameters.  

The r e s u l t s  inc lude  t a b l e s  

(b) A n  analysis of  t h e  e f f e c t s  of t h e  p e r t i n e n t  e r r o r  sources  on 
t h e  e n t r y  phase of  t h e  mission. 

( c )  An ana lys i s  of t h e  e f f e c t s  of  t h e  p e r t i n e n t  e r r o r  sources  on 
t h e  SPS p rope l l an t  d i spe r s ions .  

This  r e p o r t  assumed t h a t  two s t a t e  vec to r  updates were made, as 
w a s  p rev ious ly  agreed t o  by F l i g h t  Operatibns Di rec to ra t e  p r i o r  t o  t h e  
Apollo 4 mission.  
i n  re ferences  2 and 3. 

The r e s u l t i n g  analyses and concurrence are given 
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Mission Descr ipt ion 

The sequence of events  and s t a t e  vec tors  f o r  t h e  Apollo 6 mission 
a r e  presented  i n  t a b l e  I .  Also included f o r  i n t e r e s t  i s  a diagram of 
t h e  nominal mission p r o f i l e  ( f i g .  1). The following desc r ibes  t h e  
var ious  phases of  t h e  mission.  

( a )  Prelaunch phase - The Apollo 6 mission is  t o  be launched from 
t h e  Eastern T e s t  Range, pad A of launch complex 39. The pad azimuth i s  
90' 12'  from t r u e  nor th .  
( I M U )  i s  a l igned  t o  a f l i g h t  azimuth of  72' from t r u e  no r th .  
r e l e a s e  occurs at l i f t - o f f .  

P r i o r  t o  launch ,  t h e  i n e r t i a l  measuring u n i t  
Platform 

( b )  Launch phase - The launch phase c o n s i s t s  o f  nominal burns o f  
t h e  S-I,  S-11, and S-IVB v e h i c l e s ,  culminat ing a t  i n j e c t i o n  of t h e  
spacecraf t  i n t o  a high apogee, e a r t h - i n t e r s e c t i n g  e l l i p s e .  
phase t h e  guidance and naviga t ion  (G&N) system monitors veh ic l e  acce lera-  
t i o n  and, from t h e s e ,  computes an es t imated  p o s i t i o n  and v e l o c i t y .  
ground update of t h i s  es t imated  s t a t e  vec to r  i s  assumed t o  occur  at 
second i g n i t i o n  of t h e  S-IVB f o r  t h e  i n j e c t i o n  burn.  

During t h i s  

A 

( c )  High-al t i tude phase - Two guided SPS burns a r e  sepa ra t ed  by a 

F i r s t  SPS burn i g n i t i o n  occurs approximately 3 minutes af ter  
long coast  (approximately 6 hour s )  and followed by a 4-minute coas t  
t o  en t ry .  
cu to f f  o f t h e  S-IVB i n j e c t i o n  burn and i s  proceded by S-IVB/CSM s e p a r a t i o n  
and an u l l age  burn.  A second s t a t e  vec to r  update i s  assumed t o  occur 
approximately 13 minutes p r i o r  t o  t h e  second SPS i g n i t i o n .  
po in t  a t i m e  of f r e e  f a l l  ( t f f )  c a l c u l a t i o n  ( i . e . ,  t ime t o  400 000-ft  

a l t i t u d e )  i s  begun and t h e  "average g" guidance mode i s  i n i t i a t e d .  

A t  t h i s  

( d )  E n t r y  phase - This phase i s  t h e  p o r t i o n  of t h e  mission from 
e n t r y  i n t e r f a c e  400 000 ft t o  drogue chute  deployment a t  23 500 f t .  
During t h i s  phase one of  t h e  primary spacec ra f t  o b j e c t i v e s ,  a t e s t  o f  
t h e  hea t  s h i e l d ,  w i l l  be  accomplished. 

METHOD OF ANALYSIS 

The b a s i c  t o o l  f o r  t h e  t r a j e c t o r y  s imula t ion  w a s  subprogram 32 of  
SG-GEM ( r e f .  4) , which w a s  modified t o  s imulate  t h e  var ious  spacec ra f t  
systems t h a t  were considered i n  t h i s  s tudy by t h e  a d d i t i o n  Of 

mathematical models of t h e  p a r t i c u l a r  systems. 

The var ious e r r o r  and dev ia t ion  sources  considered i n  t h i s  s tudy 
o r ig ina t ed  from t h e  fol lowing : 

(a) G&N system e r r o r s  - Figure 2 i l l u s t r a t e s  t h e  IMU and t h e  
alignment of t h e  gyros and accelerometers  wi th  r e s p e c t  t o  t h e  p la t form 
axis. The G&N e r r o r  sources  and magnitudes were obta ined  from re fe rence  5 ,  
and t h e  IMU-error model w a s  ob ta ined  from re fe rence  6. 
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(b)  S-IVB i n j e c t i o n  d ispers ions  - The S-IVB i n j e c t i o n  d i spe r s ions  
were obta ined  from reference  7. It i s  poin ted  out  t h a t  t h i s  r e f e r e n c e ,  
although i n d i c a t i n g  approximately t h e  same S-IVB i n j e c t i o n  d i spe r s ions  
caused by performance e r r o r s  as a l l  previous MSFC re fe rences ,  d i d  g ive  
about twice  t h e  S-IVB i n j e c t i o n  d ispers ions  caused by G&N e r r o r s  i n  
previous MSFC re fe rences .  The e f f e c t  of t h i s  was n e g l i g i b l e  on t h e  
t r a j e c t o r y  d i spe r s ions  bu t  s i g n i f i c a n t  on t h e  SPS p rope l l an t  usage. 
However, t h e  o v e r a l l  SPS propel lan t  usage due t o  a l l  considered 
d i spe r s ions  r e s u l t e d  i n  about t h e  same magnitude as ind ica t ed  i n  t h e  
pre l iminary  spacec ra f t  d i spe r s ion  ana lys i s  for AS-502 ( r e f .  8)  because 
t h e  two SPS burns decreased i n  t o t a l  burn t i m e ,  t hus  l e s sen ing  t h e  
p r o p e l l a n t  e f f e c t s  due t o  accelerometer e r r o r s .  

( c )  Entry parameter e r r o r s  - These e r r o r s  cons is ted  of  dev ia t ions  
i n  L I D  and atmosphere. 

Each e r r o r  source w a s  considered t o  be independent and t o  have 
Gaussian d i s t r i b u t i o n  wi th  a zero mean. A l l  G&N and S-IVB i n j e c t i o n  
e r r o r s  were eva lua ted  assuming a pe r fec t  s ta te  vec to r  update.  A l l  e r r o r s ,  
except  when noted  otherwise,  are 3a. 

RESULTS 

3a SPS Propel lan t  Dispersion 

Table I1 gives  t h e  e f f e c t s  of t h e  3a system e r r o r s  on t h e  SPS 
p rope l l an t  consumption. 
l a r g e  enough t o  cover t h e  d i spe r s ions .  

The 400-lb f l i g h t  p rope l l an t  reserve  i s  

Table I11 presents  a breakdown o f  t h e  nominal p rope l l an t  usage by 
t h e  s e r v i c e  module. The usable  propel lan t  remaining af ter  completion 
of t h e  second SPS burn (see refs .  9 ,  1 0 ,  and 11) i s  s u f f i c i e n t  t o  
accomodate  d i spe r s ions ,  t o l e rances ,  and r e s e r v e s ,  and s t i l l  maintain 
an adequate p rope l l an t  margin. 

3a Entry In t e r f ace  Dispersions 

The 3a dispers ions  on t h e  CM i n e r t i a l  v e l o c i t y  and i n e r t i a l  
f l i g h t - p a t h  angle  at  en t ry  a r e  presented  i n  t a b l e s  I V  and V.  It can 
be seen  from t a b l e  I V  t h a t  t h e  m a j o r  con t r ibu to r s  t o  t h e  e n t r y  v e l o c i t y  
dev ia t ions  are t h e  Z-accelerometer b i a s  and t h e  Y-gyro d r i f t  e r r o r s .  The 
major c o n t r i b u t o r  t o  t h e  e n t r y  i n e r t i a l  f l i gh t -pa th  angle dev ia t ion  i s  
t h e  Y-gyro d r i f t .  
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The RSS 30 dev ia t ions  of t h e  e n t r y  parameters f o r  t h e  independently 
app l i ed  pe r tu rba t  ions  are : 

Time, sec . . . . . . . . . . . . . . . . .  rtl25.0 

I n e r t i a l  v e l o c i t y ,  f p s .  . . . . . . . . . .  t 2 9 . 1  

I n e r t i a l  f l i g h t - p a t h  ang le ,  deg . . . . . .  kO.562 

I n e r t i a l  azimuth, deg . . . . . . . . . . .  kO.767 

Al t i tude  . . . . . . . . . . . . . . . . .  0 . 0  

Geodetic l a t i t u d e ,  deg. . . . . . . . . . .  kO.324 

Longitude, deg. . . . . . . . . . . . . . .  t1.244 

The RSS 30 u n c e r t a i n t i e s  of t h e  e n t r y  parameters f o r  t h e  indepen- 
den t ly  appl ied  pe r tu rba t  ions are : 

T i m e ,  s ec  . . . . . . . . . . . . . . . . .  0.0 

Ine r t i a l  v e l o c i t y ,  f p s .  . . . . . . . . . .  t9.072 

I n e r t i a l  f l i gh t -pa th  angle ,  deg . . . . . .  20.182 

I n e r t i a l  azimuth, deg t0.140 . . . . . . . . . . .  
Geodetic l a t i t u d e ,  deg. . . . . . . . . . .  to . l o 3  

Longitude, deg. . . . . . . . . . . . . . .  rtO.334 

Al t i t ude  . f t  . . . . . . . . . . . . . . .  t6109.0 

30 23 500-ft A l t i t u d e  Dispersions 

The con t r ibu t ion  of each e r r o r  source and t h e  combined RSS 30 un- 
c e r t a i n t i e s  a r e  given i n  t a b l e  V I .  The va lues  a r e  presented  i n  terms 
of f i n a l  p o s i t i o n  and v e l o c i t y  i n  t h e  topocen t r i c  r e fe rence  frame 
( i . e .  , down range ,  c r o s s  range,  a l t i t u d e ) .  
down-range and cross-range p o s i t i o n s  a r e  : 

The 30 dev ia t ions  of t h e  

Down range,  n. m i .  . . . . . . . . . . . .  53.08 

Cross range ,  n. m i .  . . . . . . . . . . . .  t51.74 
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A s  seen i n  t a b l e  V I ,  t h e  major c o n t r i b u t o r  t o  t h e  p o s i t i o n  un- 
c e r t a i n t i e s  are t h e  X and Z-gyro b ias  d r i f t  e r r o r .  
d r i f t  e r r o r s  a r e  a l s o  t h e  major con t r ibu to r s  t o  t h e  component v e l o c i t y  
u n c e r t a i n t i e s .  

The G&N gyro b i a s  

From t a b l e  V I 1  t h e  30 devia t ions  i n  up-range, down-range, and 
cross-range p o s i t i o n s  a r e :  

UP range ,  n .  m i .  . . . . . . . . . . . .  80.00 

Down range,  n .  m i .  . . . . . . . . . . .  2.25 

Cross range,  n. m i .  . . . . . . . . . .  k44.00 

When t h e  i n e r t i a l  f l igh t -pa th  angle  approaches a 30 s t e e p  va lue ,  t h e  
a b i l i t y  of  t h e  CM t o  reach t h e  t a r g e t  becomes marginal .  This  i s  because 
of t h e  long e n t r y  range and r e l a t i v e l y  low L/D. I n  t h e  case  involv ing  a 
nominal L/D and a 30 s t e e p  f l i gh t -pa th  angle ,  t h e  CM w i l l  f a l l  s h o r t  o f  
t h e  t a r g e t  by about 80 n.  m i .  
angle  i s  combined wi th  a 30 l o w  L/D t h e  CM could f a l l  s h o r t  o f  t h e  t a r g e t  
by as much as 200 n .  m i .  
can be c o n t r o l l e d  t o  t h e  t a r g e t ,  wi th in  t h e  accuracy of t h e  naviga ted  
p o s i t i o n ,  wi th  as much as a 1.10 s t e e p  f l i gh t -pa th  angle .  

I f ,  however, t h e  30 s t e e p  f l i gh t -pa th  

I n  t h e  case involving t h e  30 low L/D,  t h e  CM 

The '0.18~ unce r t a in ty  i n  entry f l i gh t -pa th  angle  does not  s i g n i f -  
i c a n t l y  a f f e c t  t h e  performance of t h e  r e e n t r y  guidance. 
unce r t a in ty  i s  increased  beyond t h i s  va lue  t h e  performance of  t h e  r een t ry  
guidance i s  r a p i d l y  degraded and miss d i s t ances  caused by f l i gh t -pa th  
angle  u n c e r t a i n t i e s  are increased.  This i s  d iscussed  i n  more d e t a i l  
i n  r e fe rences  12,  13, and 1 4 .  

A s  t h e  8 

30 CM To ta l  Heat and Heating Rate Deviations 

For t h e  nominal ca se ,  t h e  t o t a l  hea t  l oad  i s  41 134  B t u / f t 2 ,  t h e  
first peak hea t ing  rate is 501.70 B t u / f t 2 / s e c ,  and t h e  second peak 
hea t ing  rate is  58.75 Btu/ f t2 / sec .  
about t h e  nominal case a r e :  

The 30 RSS devia t ions  ( t a b l e  V I I I )  

T o t a l  hea t  l o a d ,  B t u / f t 2 .  . . . . . . . . . . .  k3853. 

F i r s t  maximum hea t ing  r a t e ,  B t u / f t 2 / s e c  . . . .  f121.93 

Second maximum hea t ing  r a t e ,  B tu / f t2 / sec  . . . .  k12.12 
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30 Load Fac tor  Deviations 

For t h e  nominal case  t h e  f i r s t  maximum load  f a c t o r  i s  5.84 g, and 
t h e  second m a x i m u m  l oad  f a c t o r  i s  3.96 g.  The dev ia t ions  ( t a b l e  V I I I )  
i n  t h e  load f a c t o r  about t h e  nominal case  a r e :  

F i r s t  maximum load  f a c t o r ,  g .  . . . . . . . . . . .  Q.13 

Second maximum load  f a c t o r ,  g . . . . . . . . . . .  k1.96 

The r e s u l t s  of t h i s  d a t a  i n d i c a t e  t h a t  t h e  load  f a c t o r  dev ia t ions  
w i l l  not  present  an e n t r y  problem. 

30 G&N System Dispersions 

It i s  evident  t h a t  G&N system e r r o r s  a r e  t h e  major con t r ibu to r s  
t o  t h e  d ispers ions  a t  e n t r y  i n t e r f a c e  and at  23 500-ft a l t i t u d e .  
The g r e a t e s t  concern involv ing  t h e  h e a t  s h i e l d  t e s t  i s  t h e  i n e r t i a l  
f l i gh t -pa th  angle  dev ia t ion  at  e n t r y  i n t e r f a c e  (400 000 n). The G&N 
Y-gyro d r i f t  e r r o r  source accounts f o r  98 percent  of  t h i s  t o t a l  dev ia t ion .  

CONCLUSIONS 

From the r e s u l t s  of  t h i s  s tudy  it w a s  concluded t h a t :  

1. The SPS p rope l l an t  r e se rves  r equ i r ed  a r e  wi th in  t h e  p rope l l an t  
budget l i m i t a t i o n s  c u r r e n t l y  planned f o r  t h e  mission.  

2 .  Because of t h e  long  e n t r y  range and low L/D t h e  a b i l i t y  of t h e  
CM t o  reach t h e  t a r g e t  becomes marginal  as t h e  e n t r y  i n e r t i a l  f l i g h t -  
path angle  approaches t h e  30 s t e e p  va lue .  In  t h i s  p a r t i c u l a r  c a s e ,  t h e  
CM w i l l  undershoot t h e  t a r g e t  by about 80 n. m i .  
s h i e l d  t e s t  ob jec t ives  w i l l  be  m e t  provided t h e  CM does not  undershoot 
t h e  t a r g e t  by more than  100 n .  m i .  A combination of dev ia t ions  involv ing  
a 30 s t e e p  f l i gh t -pa th  angle  and 30 low L/D can cause t h e  CM t o  f a l l  
200 n .  m i .  s h o r t  o f  t h e  t a r g e t .  However, t h i s  i s  not a 30 c a s e ,  and 
t h e r e f o r e  the  p o s s i b i l i t y  of  i t s  occurr ing  i s  very s m a l l .  

However, t h e  h e a t  

The RSS 30 '0.18~ unce r t a in ty  i n  t h e  e n t r y  i n e r t i a l  f l i g h t - p a t h  
angle  does not s i g n i f i c a n t l y  a f f e c t  t h e  landing accuracy a t  23 500 ft. 
However, as t h e  unce r t a in ty  inc reases  beyond t h i s  t h e  performance of 
t h e  r een t ry  guidance i s  r ap id ly  degraded, and t h e  d i spe r s ions  a t  
23 500 f t  are  increased  accordingly.  
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Oxidizer ,  lb 

TABLE 11.- EFFECT OF PERTINENT " 0  SYSTEM ERRORS 

ON SPS PROPELLANT CONSUMPTION 

Fuel, l b  

Y-gyro b i a s  d r i f t  85 

X ,  Y and Z accelerometer b i m  88 

a X pos i t i on  

Y pos i t i on  

Z pos i t i on  

X ve loc i ty  

Y ve loc i ty  

Z ve loc i ty  

42 

44 

~ 

T o t a l  required 30 RSS p r o p e l l a n t  r e se rve  

140 

115 

44 

130 

20 

64 

267 

70 

58 

22 

65 

10 

32 

133 

. 

a X ,  Y ,  and Z corresponds t o  t h e  ear th-centered  i n e r t i a l  plumbline 
coordinate  system. 

. 
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TABLE 111.- SERVICE MODULE PROPELLANT USAGE 

U s  able p rope l l an t  loaded , l b  . . . . . . . . . . . . . . . .  32 538.9 

Consumed dur ing  f irst  burn ,  l b .  . . . . . . . . . . . . . .  -17 370.8 

Remaining a f te r  f i r s t  burn ,  l b .  . . . . . . . . . . . . . .  1 5  168 .1  

Consumed during second burn,  l b  . . . . . . . . . . . . . .  -12 979.8 

Remaining af ter  second burn,  l b  . . . . . . . . . . . . . .  2 188.3 

T o t a l  r equ i r ed  30 prope l l an t  margin, l b  . . . . . . . . . .  400.0 

Mixture r a t i o  to l e rance ,  l b  . . . . . . . . . . . . . . . .  754. 

Loading t o l e r a n c e  . I b  . . . . . . . . . . . . . . . . . . .  164. 

Opera t iona l  reserves . l b  . . . . . . . . . . . . . . . . . .  328. 

P rope l l an t  margin . lb . . . . . . . . . . . . . . . . . . .  543. 
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APOGEE 
h = 11 989 N. MI. 
t = 6:21:53 

SECOND RADAR 

t = 9:08:30 

/- 
FIRST SPS BU!?N 

PARKING ORBIT 

-- 
SECOND SPS BURN 

BOOST PHASE 

V = 3 6 5 0 0 F P S  

h = 400 000 FT 
t = 9 :28 :09  

FIRST RADAR 

t = 3:10:08 

Figure 1 .- ApoIlo 6 miss ion profi le. 
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X 

LOCAL VERTICAL 

IA 
IA 

I 

OA 

PRA 

P R A  I 
' " " f  I X G Y R O  OA A 

GE 

OA = OUTPUT AXIS 
IA = INPUT AXIS 

SRA = SPIN REFERENCE AXIS 
PRA = PENDULOUS REFERENCE AXIS 

Figure 2 .  - IMU stable member. 



IiEFERENCES 

1. Bennett ,  William J.; Moore, Ronny H. ;  and Harpold, Jon C . :  Apol1o 6 
(A-2 or  AS-502/CSM-020) Spacecraf t  Operat ional  Trajectory,  Volume I - 

Mission P r o f i l e .  MSC I N  68-FM-62, March 13, 1968. 

2.  C a s s e t t i ,  Marlawe D.: S t a t e  Vector Update S i t u a t i o n  f o r  AS-501 and 
MSC Memorandum 67-FM~-6, January 20, 1967. AS-302. 

3 .  Mayer, John P.: S t a t e  Vector Update C r i t e r i a  f o r  AS-301. MSC Memo- 
randum 67-FM-4, January 20, 1967. 

4. General  E l e c t r i c  : Miss i le  and S a t e l l i t e  System Program. General 
E l e  c t r i c  Doc ume n t  6 1- SD - 17 0. 

5. Dahlen, John N.; Kosmala, Albrecht; e t  a l :  Guidance and Navigation 
System Operations Plan, Apollo Mission 501 (U) .  
July 1966. Conf ident ia l .  

MIT Report R-536, 

6. Nobles, Richard 0. : Equations f o r  E r r o r  Analysis f o  t h e  Apollo 
Guidance and Navigation System ( U ) .  
1963. Conf ident ia l .  

MSC I N  65-FM-34, A p r i l  6, 

7. Winch, J. B.: Sa turn  V AS-502 Launch Vehicle F l i g h t  System Disper- 
Boeing Document D5-15553(1)-2A, September 29, s i o n  Analysis (U). 

1967. Conf ident ia l .  

8 .  Parker,  John T.; and O'Loughlin, John C. : Preliminary Spacecraf t  
MSC I N  67-FM-41, March 21, Dispersion Analysis f o r  AS-502 (U) .  

1967. Conf ident ia l .  

9. Apollo S/C 020 Mission Date Spec i f ica t ion .  S-P-A-0003, February 7, 
1968. 

10. Mayer, John P.: Apollo 6 (A-2/CSM-020) Data. MSC Memorandum 
68-FMl3-72, February 15, 1968. 

11. Consumables Analysis Sec t ion ,  Guidance and Performance Branch: 
Apollo 6 (AS -502/CSM-020/LTA-2R) Spacecraf t  Operat ional  Tra jec tory ,  
Volume I V  - Consumabks Analysis.  MSC I N  68-FM-65, March 6, 1968. 

12. Manders, R. H.: A-2/CSM-020 (Apollo 6 )  Guidance and Navigation 
(G&N) System Operation. TRW I O C  3423.3-23, March 13, 1968. 

A-2/CSM-020 (Apollo 6 )  Target Miss Distances Re- 13. Bolling, H. L.: 
s u l t i n g  from RDOT Errors i n  the  CMC a t  Entry (A-152). 
3423.5-224, March 8, 1968. 

TRW IOC 



28 

14. Harpold, Jon  C.: Apollo 6 H i g h  P r o b a b i l i t y  Landing Areas. MSC 
Memorandum 68-rn53-98, March 13, 1968. 


